INTRODUCTION
Deer are one of the most extensively studied groups of large mammals with respect to electrophoretic variation in blood proteins and isoenzyme systems. Various multilocus investigations have been carried out within the past decade to evaluate the amount of genetic diversity within and among populations of white-tailed deer (Manlove et a!., 1976; Ramsey et a!., 1979; Baccus et a!., 1983; Smith et al., 1984 Smith et al., , 1986 Sheffield et a!., 1985) , fallow deer (Pemberton and Smith, 1985; Harti et a!., 1986) , wild and semi-domestic reindeer (RØed, 1985a, b; , moose (Ryman et a!., 1977 (Ryman et a!., , 1980 and different subspecies of red deer (Cameron and Vyse, 1978; Gyllensten et a!., 1983; Baccus et a!., 1983; Dratch and Gyllensten, 1985; Hart!, 1986) . In contrast the level of genetic variability in roe deer (Capreolus capreolus L.), one of the most abundant species in Central Europe, is largely unknown. Genetic variability in roe deer is of particular interest for several reasons. Among the Cervidae it is a relatively primitive, generalist species (Reimoser, 1986) which, according to Nevo (1983a, b, 1984) , should harbour more genetic diversity at the molecular level than a specialist species. A very high adaptability to various habitat types is reported (Lehmann and Sägesser, 1986) and roe deer are one of the wildlife species in Central Europe thriving very well in the cultivated landscape. Concerning the high variability in morphological characters and ecological adaptation (see Stubbe and Passarge, 1979; Neuhaus and Schaich, 1985 for reviews) within the subspecies C. capreolus capreolus the existence of various ecotypes or even "locality races" has been hypothesised (Reimoser, 1986) , which might lead to the expectation of comparatively high genetic differentiation at the molecular level. Concerning its ecological strategy of adaptation among deer C. capreolus can be designated as r-strategist (Harrington, 1985; Gossow and Fischer, 1986; Gossow, personal communication) . Within the r-K continuum r-selected roe deer, compared to K. selected deer species, show rapid development, high Tmax (multiple births), early reproduction, shorter length of life etc; they are "opportunists".
R-selection leads to high productivity in unstable (short.lived, unpredictable) habitats such as the weedy cover of new clearings in forests, where roe deer live preferentially. In contrast Kstrategy with slower development and greater competitive ability leads to increasing efficiency of utilisation of environmental resources in stable (longer-lived) habitats like old climax forests. Correlates of r-and K-selection in ecology and behaviour were published by Pianka (1970) , Wilson (1975) and Barash (1980) . According to a hypothesis derived by Harrington (1985) r.strategists should be genetically less variable within populations than K-strategists. He argues that low genetic variation would prevent inbreeding depression, which might occur during dramatic changes in population sizes (which are more likely to occur in r-strategists than in K-strategists) or when new populations are founded by a small number of colonising individuals. Harrington Tissues were frozen soon after death of the specimens and stored at -20°C until electrophoresis. Preparation of tissue extracts, electrophoretic and staining procedures were performed according to routine methods (Hart! and Höger, 1986) . Peptidases were stained using Lleucy!-L-alanine as substrate. Since no family studies could be carried out, the genetic interpretation of electrophoretic patterns was based on the principles outlined by Harris and Hopkinson (1976) and Harris (1980) . The results were also compared with genetic variation in deer described by other authors (see introduction for references).
The following 27 enzyme systems were screened (abbreviation, E.C. number and tissues used are given in parentheses; L=liver, K= kidney): sorbitol dehydrogenase (SDH, E.C.
1.1.1.14, L), lactate dehydrogenase (LDH, E.C. 1.1.1.27, K), malate dehydrogenase (MDH, E.C.
1.1.1.37, K), malic enzyme (ME, E.C. 1.1.1.40, K), isocitrate dehydrogenase (IDH, E.C. 1.1.1.42, K), 6-phosphogluconate dehydrogenase (6-PGD, E.C. 1.1.1.44, K), glucose dehydrogenase (GDH, E.C. 1.1.1.47, L), glucose-6-phosphate dehydrogenase (G-6-PD, E.C. 1.1.1.49, K), xanthine dehy- At each isoenzyme locus the most common allele in the roe deer of population 1 (Vorarlberg) was designated arbitrarily "100", variant alleles in the same or in other populations according to their relative mobility.
RESULTS
Screening of 27 isoenzyme systems representing a total of 41 presumptive structural loci revealed polymorphism in 9 isoenzymes: LDH-2, ME-2, DIA-2, AK-i, PGM-1, PGM-2, ACP-i, PEP-2 and MPI. In all cases heterozygote band patterns were consistent with the known quaternary structure of the enzymes concerned.
The following loci were monomorphic for the same allele among the roe deer populations The average diversity among populations (DST) was 00050 and accounted for approximately 85 per cent (GST = 0.085) of the total gene diversity (HT=0059). To show the genetic relationships between the roe deer populations studied a dendrogram was constructed using the UPGMA as described by Nei (1975) Figure 2 Genetic relationships between the roe deer populations studied. The dendrogram was constructed using the UPGMA as described by Nei (1975) based on Nei's (1972) standard genetic distance (xlOO).
DISCUSSION
The mean proportion of polymorphic loci and the mean proportion of heterozygous loci per individual detected in the present study are considerably higher than the corresponding values for roe deer obtained by Baccus et al. (1983) . Since in spite of different sample sizes the extent of polymorphism between our populations was rather similar, we think that the lower extent of genetic variation detected by Baccus et al. (1983) can be best explained by the restricted number of loci investigated by these authors. Generally the number as well as the composition of enzyme systems and serum proteins studied seem to have an important influence on estimates of genetic variation and genetic divergence (see e.g. Johnson, 1974; Ward, 1977; Sarich, 1977; Gorman and Renzi, 1979; Lewontin, 1985; Hartl and Csaikl, 1987 , for further discussion of this problem). While our results support Nevo's (1984) conclusion that generalist species are genetically more variable than specialist species they provide further evidence against the argument that comparatively large mammals should be genetically less variable than small mammals. This argument was mainly derived from the "environmental grain hypothesis" proposed by Selander and Kaufman (1973) and supported by first electrophoretic studies on large mammals (see e.g. Cameron and Vyse, 1978; Simonsen, 1982) . However, when more species and enzyme systems were examined, a considerable amount of biochemical variation was detected also among several species of large mammals (see e.g. Newman et al., 1985; Miller and Harti, 1986; Hartl and Csaikl, 1987 ; and the data given in table 3). Thus, in the light of new data emerging, the proposed negative correlation between body size and genetic variation in mammals is invalid or at least very problematic (see Nevo, 1984; Wooten and Smith, 1985, for statistical examination of this problem and for further discussion).
A similar situation can be found with respect to Harrington's (1985) hypothesis emphasising genetic-ecological differences between the two subfamilies of the Cervidae, the Telemetacarpi and the Plesiometacarpi, which are differentiated morphologically by the degree of regression of the lateral metacarpals. Harrington (1985) argues that the Telemetacarpi are r-strategists and the Plesiometacarpi K-strategists. He writes: ".. . it could be postulated, that genetic variation in the r-selected Telemetacarpi is displayed mainly between populations (subspecies), while that in the K-selected Plesiometacarpi is displayed within populations-or is at least less segregated".
According to our results the indices of genetic variation within populations of roe deer (P and H in combination, table 1) are among the highest values yet obtained in Cervidae. Since this is the case also in other species of the Telemetacarpi such as white-tailed deer and red-brocket (table 2), the postulation that r-selected Telemetacarpi exhibit lower genetic variation within populations than K-selected Plesiometacarpi is not supported by biochemical genetic data. However, as far as genetic diversity between populations is concerned, the relative amount of differentiation (GST) is somewhat higher in roe deer (GST =8'5 per cent) and in moose (GsT=94 per cent; Ryman et a!., 1980) than in red deer (GST= 5 per cent; Gyllensten et al., 1983) . Thus, this aspect of Harrington's hypothesis may be supported by electrophoretic results, but more comprehensive data, especially on more species of the Plesiometacarpi are needed.
Concerning the remarkable extent of polymorphism among r-strategists (table 3) , besides the possibility of inbreeding depression due to homozygosity of deleterious genes being more likely in genetically variable populations, also the positive correlation between enzyme heterozygosity and fertility (detected, for example, in whitetailed deer by Johns et a!. 1977 ) must be considered. Since high fertility is essential for r-strategists, many polymorphisms may be preserved by selection in those species and rare alleles may therefore occur in relatively high frequencies (see table 1 ). If a population bottleneck is followed by rapid population growth (as it is the case in rstrategists) not too many of the high frequency polymorphisms will be lost (Nei et a!., 1975) , but there will still arise considerable allele frequency differences between populations resulting in comparatively high GST-values. On the other hand no fertility problems were described in fallow deer, a species exhibiting very low levels of biochemical variation (Pemberton and Smith, 1985; . Besides the explanation that most deleterious genes may have been lost together with the biochemical genetic variation there could be also a lower association between enzyme heterozygosity and fertility among K-strategist species. However, in our opinion only a multifactorial approach considering in detail the special ecological, physiological and behavioural features of each species as well as its historical aspects can lead to more comprehensive models on biochemical differentiation. Table 3 Genetic variation in deer species. nI sample of individuals, nP = sample of populations, nL = sample of loci, Pt = total proportion of polymorphic loci (calculated from the data given in the references), P = proportion of polymorphic loci (if more populations are studied the mean P is given), H = expected average heterozygosity (if more populations are studied the mean H is given), *=va!ue calculated by Cameron and Vyse (1978 The genetic variation between the five Austrian roe deer populations as displayed in fig. 2 provide some interesting indications on the existence of geographically different refugial areas of roe deer during glaciation and on pathways of postglacial immigration of this species into the alpine region. The comparatively large genetic distance of population 2 (Soboth) to all other populations suggests that postglacial immigrations took place from different refugial areas on the two sides of the main crest of the Alps (see fig. 1 ). Furthermore, it is likely that the main crest of the Alps, with its elevations up to about 4000 m, is an important barrier to gene flow between southern and northern populations at present.
